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Abstract. The incubation time of Eumeces chinensis eggs at 30£0.3°C averaged 22.6 days. During incubation,
the pliable-shelled eggs of E. chinensis increased in wet mass. Dried shells from freshly laid eggs averaged
4.1% of the entire egg dry mass. No significant difference in shell dry mass was found between freshly laid
and hatched eggs with the same wet mass at oviposition. During incubation, approximately 66% of dry mass,
44% of non-polar lipids and 62% of energy in egg contents of the freshly laid egg were transferred to the
hatchling, with 34% of dry mass, 56% of non-polar lipids and 38% of energy used for embryogenesis. Fully
developed embryos could obtain all magnesium from yolk but withdrew approximately 19% of their total
calcium requirements from sources other than yolk.

Introduction

The whole period of embryonic development in most oviparous squamates consists of
prelaying (i.e., from ovulation to laying) and postovipositional (i.e., from oviposition
to hatching) phases (Shine, 1983). Based on previous work, the term of incubation
generally refers to the postovipositional phase (e.g., Packard et al., 1984a; Guizke and
Packard, 1987; Shadrix et al., 1994; Qualls and Shine, 1995). Studies of material and
energy budget during incubation in squamates are of particular interest: many oviparous
squamates are midway between the two endpoints in the oviparity-viviparity continuum
(Shine, 1983), hence the incubation period generally represents a phase of rapid em-
bryonic growth in these squamates (Shine, 1983; but also see the arguments of Shadrix
et al., 1994); egg size and mass can be easily noted, hence egg and hatchling components
and costs of embryonic development during this phase of embryonic development can
be easily compared among species, particularly among species whose eggs are incubated
under similar conditions and embryonic stages at oviposition are consistent.
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Eumeces chinensis is a medium sized skink (adult snout-vent length 100-130 mm,
mass 20.0-60.0 g) (Ji, 1994; Ji et al., 1994), widely distributed in the southern provinces
(including Taiwan and Hainan) of China (Zhao and Adler, 1993). It is one of the
most common diurnal lizards in Zhejiang province, eastern China. Food habit, habi-
tat selection, activity pattern, lipid storage pattern, thermal requirements and sexual
dimorphism of this species have been previously examined (Wang, 1964, 1966; Ji,
1994; Ji et al., 1994, 1995); however, little information on reproduction and incu-
bation has been available other than incidental notes (Wang, 1966). In this study,
we address the following topics: (1) egg and hatchling components, (2) material and
energy budget during incubation and (3) sources of calcium and magnesium for em-
bryogenesis.

Materials and methods

Two gravid females were collected from a population in Jiuxi, Hangzhou (30°16'N,
120°9’E), Zhejiang, in early June 1994. Because the observable sexual ratio in this
population was highly male-biased (males: females =~ 15:1; Ji, 1994; Ji et al., 1994,
1995), it was not an easy task to collect females. The two females were brought to our
laboratory at Hangzhou Normal College, where they were measured, weighed, and then
placed in a 50 x 30 x 30 cm glass cage filled with moistened soil and grasses. They were
fed on Tenebrio molitor larvae; water was provided ad libitum. We obtained one clutch
(9 eggs) on 15 June and another clutch (15 eggs) on 20 June. We numbered each egg
and noted size and mass within 6 h of oviposition. We randomly selected 5 eggs from
the first clutch and 10 eggs from the second clutch and moved the remaining 9 eggs back
to the cage after the measurements.

Among the 15 selected eggs, three eggs from each clutch were dissected and separated
into egg contents (yolk plus embryo) and shell at the day of oviposition. All eggs at
oviposition contained a small embryo, which had completed the first stage of embryonic
development (differentiation) (Wang, 1966) but was too small and fragile to be sampled
separately and therefore was included with yolk. Egg contents were placed in preweighed
small glass dishes and weighed to the nearest 0.1 mg. Shells from the freshly laid eggs
were rinsed briefly, weighed to the nearest 0.1 mg, and then saved for later analysis.
The remaining 9 selected eggs, 1/3-buried in moistened substratum, were incubated in a
constant temperature chamber at 30 -+ 00.3°C. The incubation medium consisted of dry
sand to water in a mass ratio of 4:1; water was added periodically to keep the initial
water content. We measured and weighed the incubating eggs again on day 15, and
at daily intervals thereafter. Two eggs failed to hatch following incubation. After the
hatchlings pipped the eggs, they were immediately measured and weighed, and then
frozen for later analysis. Shells from the hatched eggs were rinsed briefly, weighed to
the nearest 0.1 mg, and then saved for later analysis.
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All samples used for determinations of non-polar lipids, ash, energy density, calcium
and magnesium were dried to a constant mass in an oven at 65°C, weighed, and then
ground in a mortar and pestle. Non-polar lipids were extracted from all samples for a
minimum of 5.5 h using absclute ether in a Soxhlet apparatus. The mass of non-polar
lipids in each sample was calculated as the difference in sample dry mass before and
after extraction.

Ash and energy density were determined using a GR-3500 adiabatic bomb calorimeter
(Changsha Instruments). Titrations were performed of the residue after calorimetry to
correct for nitrogenous wastes.

Samples for calcium and magnesium determinations were weighed out into glass tubes
and digested completely in hot concentrated nitric acid. Digestates were brought to
volume in volumetric glassware and stored in a refrigerator until analysis for the two
elements. Concentrations of the two elements in digestates were determined using a
WFX-1B model atomic absorption spectrophotometer (The 2nd Beijing Optical Instru-
ments). Shells from freshly laid and hatched eggs were too small to be determined
individually, therefore were pooled separately and treated as two different samples.

Results

Eumeces chinensis laid typical pliable-shelled eggs. The six dissected freshly laid eggs
averaged 16.0 mm (SE = 0.1, range = 15.5-16.4) length, 10.2 mm (SE = 0.2, range =
9.8-10.9) width and 0.96 g (SE = 0.02, range = 0.89-1.06) wet mass. Egg contents
averaged 0.94 g (SE = 0.02, range = 0.88-1.05, n = 6) wet mass. Dry mass (y) of
egg contents at oviposition was positively correlated with the entire egg wet mass ()
(y =0.170 + 0.135z; r = 097, Fi 4 = 21.7, P < 0.01). Dried shells from the freshly
laid eggs averaged 4.1% of the entire egg dry mass (table 1).

Table 1. Components of 6 freshly laid Eumeces chinensis eggs (£ wet mass = 0.96 g) and 7 hatched egg
(& wel mass at oviposition = 1.03 g) and their hatchlings. Data are expressed as mean + SE (range).

Freshly laid egg Hatched egg

Egg contents Hatchling

Total dry mass (mg)
Organic mass (mg)
Ash mass (mg)
Non-polar lipids (mg)
Calcium (mg)
Magnesium (mg)
Energy (Kcal)

Diry mass (mg)

298.8 4+ 3.5 (291.0-311.6)
277.3 + 3.4 (270.1-289.2)
21.5+ 0.4 (20.2-22.6)
88.1 £ 1.2 (85.1-92.4)
2.07 £ 0.06 (1.82-2:25)
1.13 + 0.03 (0.99-1.15)
1.73 £ 0.04 (1.62-1.84)

Shell
12.9 + 0.2 (12.2-13.6)

203.4 x 1.9 (195.5-209.2)
181.6 £ 1.5 (177.1-187.5)
21.8 £ 0.5 (18.3-22.1)
39.8 & 0.6 (37.9-41.9)
2.65 + 0.06 (2.47-2.95)
1.03 = 0.02 (0.97-1.14)
111 = 0.01 (1.08-1.18)

Shell
13.4 = 0.3 (12.3-14.8)
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The seven hatched eggs at oviposition averaged 16.9 mm (SE = 0.3, range = 16.1-
18.2) length, 10.4 mm (SE = 0.2, range = 9.7-10.9) width and 1.03 g (SE = 0.04,
range = (.90-1.19) wet mass. The mean wet mass of the hatched eggs at oviposition
was slightly greater than that of the dissected eggs but the difference was not statistically
significant (Fy ;3 = 2.42, P > 0.05). Based on the relationship between dry mass of
egg contents and the entire egg wet mass in the freshly laid eggs, we estimated that
mean dry mass of egg contents of the hatched eggs at oviposition was 309 mg. During
incubation, E. chinensis eggs increased in wet mass and, one day prior to hatching,
weighed 227.4% (SE = 17.5, range = 177.9-302.0, n = 7) of the egg wet mass at
oviposition. The incubation time averaged 22.6 days (SE = 0.1, range = 22.3-22.8,
n = 7). Hatchlings averaged 33.3 mm (SE = 0.2, range = 32.9-34.0, n = 7) snout-vent
length, 43.7 mm (SE = 0.5, range = 41.7-45.1, n = 7) tail length and 0.92 g (SE = 0.02,
range = 0.88-0.98, n = 7) wet mass. Hatchlings differred from adults in coloration
pattern, characteristically having a bright blue tail and black dorsal coloration spotted
by white dots in lines. There was no significant difference in shell dry mass between
freshly laid and hatched eggs with the same egg wet mass at oviposition (ANCOVA,
F|1m = 324, P > 0.05).

Eggs contents of the freshly laid eggs averaged 68.2% water by mass, and 92.8% or-
ganic material, 7.2% ash, 29.5% non-polar lipids, 0.69% calcium and 0.38% magnesium
by dry mass (table 1). Shells from the freshly laid eggs had a noticeably higher level of
calcium (3.35%) but a slightly lower level of magnesium (0.596%) than did shells from
the hatched eggs (calcium: 2.74%; magnesium: 0.617%). Hatchlings averaged 77.9%
water by mass, and 89.3% organic material, 10.7% ash, 19.8% non-polar lipids, 1.30%
calcium and 0.51% magnesium by dry mass (table 1).

We estimated that approximately 66% of dry mass, 44% of non-polar lipids and 62% of
energy in egg contents of the freshly laid egg was transferred to the hatchling, with 34%
of dry mass, 56% of non-polar lipids and 38% of energy used for embryogenesis during
incubation. Fully developed embryos could obtain all magnesium from the yolk but
withdraw approximately 19% (approximately 0.5 mg) of their total calcium requirements
from sources other than yolk.

Discussion

When comparing egg and hatchling components of E. chinensis, we did not find that egg
wel mass at oviposition, as in other squamates examined by us, was a significant source
of variation in all analyses of covariance except that on shell dry mass. This presumably
resulted from the limited number of eggs available to us and/or the similarities in size
and mass of the eggs used by us. Here, our estimation of material and energy budget
during incubation highly depends on the accuracy in estimating dry mass of egg contents
of the hatched eggs at oviposition. The mean wet mass of the hatched eggs at ovipositon
were slightly heavier than that of the dissected freshly laid eggs, although the difference
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was not statistically significant. To address the accuracy, we estimated the mean dry
mass of the hatched eggs at oviposition based on available information on the freshly
laid eggs. Happily, the strongly positive correlation between dry mass of egg contents
and total egg wet mass seen in the freshly laid eggs indicated that, at oviposition, total
egg wet mass is a good indicator of dry mass of egg contents.

Dry mass conversion from egg contents of the freshly laid egg to hatchling in E. chi-
nensis (66%) was lower than the values recorded in several species of oviparous reptiles
which have been examined, including the American alligator (79%; Fischer et al., 1991),
the chicken turtle (72%; Congdon et al., 1983a), the painted turtle (72%; Ewert, 1979)
and several snake species (70-85%; Ji et al. unpubl. data). The proportion of non-polar
lipids transferred from freshly laid egg to hatchling in E. chinensis (56%) was less than
the values recorded in the American alligator (74%; Fischer et al., 1991) and the snakes
examined by us (60-75%; Ji et al., unpubl. data), but similar to the values reported
for turtles and lizards (50-60%; Congdon et al., 1983b; Wilhoft, 1986; Ji, 1992). En-
ergy conversion from freshly laid egg to hatchling in E. chinensis (62%) was also lower
than the values recorded in several snake species examined by us (67-81%, Ji et al.,
unpubl. data). Given that the American alligator and turtles are more near the oviparity
end (Shine, 1983) and, at oviposition, the embryos of the snakes examined by us are
less developed than E. chinensis embryos (Ji, pers. obs.), we can conclude that E. chi-
nensis exhibits lower conversions of material and energy from egg to hatchling during
incubation.

The above comparisons also indicate that interspecific differences in material and
energy budget during incubation do exist in reptiles. However, it is not easy to explain
these differences because of lack of data. What we have known are that any differences
in costs of embryonic development (Dmi’el, 1970; Black et al., 1984; Vleck and Hoyt,
1991), parental investment in each egg (Congdon and Gibbons, 1989), stage of embryonic
development at oviposition (Shine, 1983) and incubation condition (Gutzke and Packard,
1987) may, in various degrees, modify the values related to material and energy budget
during incubation. Thus, more detailed studies of embryology, embryonic metabolism
and parental reproductive investment in oviparous reptiles would be of great value.

The relatively lower conversions of material from egg to hatchling in E. chinensis
might partly reflect that more storage material is used during incubation. This specula-
tion is based on that lizards are among the reptles with the highest costs of embryonic
development (Dmi’el, 1970; Black et al., 1984; Vleck and Hoyt, 1991). Additionally,
it has been known that total material and energy stored in an egg of oviparous reptiles
can be divided into two parts: one is for producing a hatchling and the other, in the
form of posthatching yolk and fat bodies, for fueling the hatchling after it leaves the egg
(Kraemer and Bennett, 1981; Congdon et al., 1983a, b; Troyer, 1983, 1987; Wilhoft,
1986; Congdon and Gibbons, 1989; Fischer et al., 1991). We can expect that any rel-
ative decrease in the latter part will result in less material and energy transferred from
egg to hatchling. For example, we have found in several species of oviparous snakes
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that posthatching yolk strongly influences the values of energy and material conversions
during incubation (Ji et al., unpubl. data). Eumeces chinensis is such a species that
females exhibit the behavior of protecting eggs (Wang, 1966); however, whether or not
this behavior ultimately results in less amount of energy allocated to eggs still remains
to be studied.

As in other squamates (Packard and Packard, 1988; Packard et al., 1984a, 1985),
turtles (Packard et al., 1984b; Packard and Packard, 1986) and the American alligator
(Packard and Packard, 1989), E. chinensis embryos should withdraw a noticeable amount
of calcium from sources other than yolk. The level of calcium withdrawn by E. chinensis
embryos (approximately 19%) from sources other than yolk was much lower than the
values reported for crocodilians and turtles (50-80%; Jenkins and Simkiss, 1968; Bustard
et al., 1969; Jenkins, 1975; Packard and Packard, 1984, 1989); in squamates, it was higher
than the value recorded in the cobra Naja naja atra (14%; Ji et al., unpubl. data), similar
to the value reported for the colubrid snake Coluber contrictor (20%; Packard et al.,
1984a) and lower than the values recorded in the skink Eumeces fasiatus (39%; Shadrix
et al., 1994) and other three colubrid snakes, Elaphe carinata (31%), Elaphe taeniura
(36%) and Zaocys dhumnades (31%) (Ji et al., unpubl. data). The fact that shells from
the hatched eggs were lower in calcium level (2.74%) but slightly higher in magnesium
level (0.617%) than did shells from the freshly laid eggs (calcium: 3.35%; magnesium:
0.596%) indicated that the developing E. chinensis embryos selectively withdrew calcium
from the shell. Shell is apparently one of calcium sources for embryogenesis; however,
we estimated that the poorly calcified shells of E. chinensis eggs only furnished a very
small amount of calcium (approximately 0.1 mg) which was less than that (approximately
0.5 mg) withdrawn by a fully developed E. chinensis embryo from sources other than
yolk. Thus, it was necessary for the developing E. chinensis embryos to absorb calcium
along with water from the substrate. The result that E. chinensis embryos could obtain
all magnesium necessary for development from yolk was the same as that recorded in
the American alligator (Packard and Packard, 1989) and all other oviparous squamates
examined by us (Ji et al., unpubl. data).
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